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 6XSHUYLVLRQRIFRQVWUXFWLRQRXUQHZDSSURDFK
,QWKHQH[WSDUDJUDSKVZHH[SODLQWKHVWHSVRIRXUDSSURDFKIRU
FUHDWLQJD05DSSOLFDWLRQIRUWKHFRQVWUXFWLRQVXSHUYLVLRQ,Q)LJ
FDQREVHUYHWKHFRQFHSWRIRXUDSSOLFDWLRQZKLFKLVUHSUHVHQWHG
KHUHEHWZHHQWZRGLIIHUHQW³GDWDZRUOGV´WKHHQJLQHHULQJ%,0
DQGWKHZRUNVLWHDQGLQ)LJWKHXVDJHRIWKHDSSOLFDWLRQVKRZLQJ
WKDWLWVUHVXOWLVDORFDWHGIHHGEDFNLQD%,0PRGHO

)LJXUH 05DSSOLFDWLRQIRUVXSHUYLVLRQFRQVWUXFWLRQFRQFHSW
)LJXUH )URP%,0WRDQQRWDWHG%,0WKDQNVWR05DSSOLFDWLRQ
7KHILUVWVWHSLVWRJHW%,0GDWDDERXWWKHEXLOGLQJWKH'%,0
PRGHO IRU WKLVFDVH7KHQZHKDYHH[WUDFWHG IURPLWD'PRGHO
XVDEOHLQ'JDPHHQJLQHVZKLFKDUHXVHGIRU05DSSOLFDWLRQV
$IWHUWKDWWKLVPRGHOKDVEHHQLPSRUWHGLQRQHRIWKHP1RWHWKDW
ZHKDYHKDGWRSXWDJDLQWKHPDWHULDOVRQWKHGLIIHUHQWHOHPHQWVRI
WKH ' PRGHO 7R PDNH LW PRUH DXWRPDWLF ZH KDYH
SURJUDPPDWLFDOO\DVVLJQHGPDWHULDOVDFFRUGLQJWRWKHQDPHRIWKH
HOHPHQWV 7KHQ ZH KDYH SURYLGHG VRPH FRQWH[W DURXQG WKH '
PRGHORIWKHEXLOGLQJE\EXLOGLQJD³ER[´DURXQGWKHPRGHOWKDW
VKRZVSKRWRVRIWKHEXLOGLQJUHDOHQYLURQPHQWVHH)LJ
$W WKLVVWDJH WKHPL[HGUHDOLW\DSSOLFDWLRQRQO\FRQWDLQVD'
PRGHORIDEXLOGLQJQRUHDOHQYLURQPHQWGDWDH[FHSWWKHSKRWRV
$VDUHVXOWWKHQH[WVWHSLVWKHRQHZKHUHUHDOGDWDDUHFROOHFWHG
+HUHZHKDYHWKHFXUUHQW'%,0SODQQHGPRGHOHPEHGGHGLQDQ
LPPHUVLYHVSDFHZLWKUHDOZRUOGFRRUGLQDWHV6RZHFDQSODQDQG
H[HFXWHDGURQHIOLJKWWRJHWUHDOYLVXDOGDWDIURPWKHUHDOSURMHFW
$VWKHDLPKHUHLVWRVLPXODWHDSURMHFWUHYLHZPDGHE\DQH[SHUW
RIEXLOGLQJFRQVWUXFWLRQVXFKDVDSURMHFWPDQDJHUKHPXVWGHILQH
WKH GURQH IOLJKW ,Q RXU FDVH DIWHU JHWWLQJ WKLV LQIRUPDWLRQ WKH
SODQQHGIOLJKWZDVGRQHPDQXDOO\E\DSLORWWRJHWWKHYLGHRZLWK
WKH UHTXLUHGYLHZV$IWHU WKDWZH FXW LW LQ VHSDUDWHGYLGHRV$Q
LPSURYHPHQW IRU IXWXUH UHVHDUFK ZRUNLQSURJUHVVZRXOG EH WR
SODQWKHIOLJKWWKDQNVWRWKH%,0GDWDVRLWZRXOGEHHDVLHUWRJHW
DV\PPHWU\EHWZHHQWKHUHDOIOLJKWDQGWKH05DSSOLFDWLRQ
7KHQZHSURYLGHWZRLQWHUDFWLRQVWRWKHXVHUV7KHILUVWRQHLVIRU
PRYLQJDURXQGWKH'PRGHOVLPXODWLQJWKHGURQHIOLJKW)RUWKLV
SXUSRVHZHKDYHSODFHGDURXQGWKHPRGHOVRPHPDUNHUVFXEHV
VHH )LJ  %\ FOLFNLQJ RQ LW WKH FDPHUD WKDW VLPXODWHV D ILUVW
SHUVRQ YLHZ IURP WKH GURQH PRYHV 7KLV NLQG RI LQWHUDFWLRQ
SURYLGHVDPHWDSKRURIVPRRWKIOLJKWWDNLQJ WKHXVHUWR WKHQH[W
SRLQWRILQWHUHVWZLWKRXWPDQXDOFDPHUDPDQLSXODWLRQ$JDLQLQD
IXWXUHVWHSXVLQJ%,0SODQQHGIOLJKWVZHFRXOGWDNHDGYDQWDJHRI
LWIRUWKHQDYLJDWLRQ7KHRWKHULQWHUDFWLRQWKDWZHSURYLGHLVDZD\
WRVHHWKHGURQHYLGHRVVHH)LJ$GHSHQGLQJRQWKHFXUUHQWSRLQW
RIYLHZ)RUWKLVSXUSRVHZHKDYHSODFHGRWKHUYLVXDOPDUNHUV'
PRGHOVRIFDPHUDVDURXQGWKHEXLOGLQJQHDUWKHUHDOSRVLWLRQRI
WKHGURQHFDPHUDLQWKHYLGHR6REHIRUHZDWFKLQJLWWKHXVHUJRW
VRPHFRQWH[WDQGWKHQKHFDQZDWFKLW






)LJXUH 'PRGHOFRQWH[WPDUNHUVFXEHVDQGFDPHUDV
$IWHU WKHVH VWHSV WKH05 DSSOLFDWLRQ LV XVLQJ YLUWXDO PRGHOV
IURP%,0DQGUHDOGDWDIURPWKHGURQHYLGHRV%XWLWLVQRW\HW
FRPELQLQJ WKHP +HUH ZH ZLOO H[SODLQ KRZZH KDYH PDGH WKLV
FRPELQDWLRQLQRWKHUWHUPVKRZGRZHFRPELQHWKHYLGHRDQGWKH
JHRPHWULFPRGHO GDWDXVLQJ WKHJOREDO FRRUGLQDWH VSDFH DQG WKH
GURQHSODQQHGDQGUHDOIOLJKWGDWD)RUWKLVVWXG\FDVHZHSUHVHQW
DPDQXDOZD\WRPL[WKHWZRVRXUFHV,QDIXWXUHUHVHDUFKZHZRXOG
OLNHWRPDNHLWDXWRPDWLFDQGZLWKPRUHXVHUFRQWUROLQWHUDFWLRQV
RQDQJOHVSHHGRIWKHYLGHRHWF&XUUHQWO\DWWKHHQGRIWKHYLGHR
VHH)LJ$WKHODVWLPDJHRIWKHYLGHRWKHXVHUVHHVWKHODVWYLGHR
IUDPH%XWWKHQDVVKRZQLQ)LJ%EHWZHHQWKHFDPHUDDQGWKLV
SLFWXUHZHKDYHSODFHGVRPH%,0'JHRPHWULFHOHPHQWVWKDWDUH
SUHVHQWRU VKRXOGEHSUHVHQW LQ WKLV]RQH LQ WKH UHDOFRQVWUXFWLRQ
ZRUN:HKDYHSXWWHGWKHPPDQXDOO\URWDWLRQVDQGWUDQVODWLRQVLQ
VXSHULPSRVLWLRQ ZLWK WUDQVSDUHQF\ ZLWK WKH IL[HG LPDJH RI WKH
YLGHRLQEDFNJURXQG
$V D UHVXOW WKH DSSOLFDWLRQ WKDWZH SURSRVHG KHUH LV DPL[HG
UHDOLW\DSSOLFDWLRQ,WFRXOGEHFRPSDUHGWRWKHDXJPHQWHGUHDOLW\
DSSOLFDWLRQV WKDWDUHFRPELQLQJRQVLWH UHDOGDWD IURPDFDPHUD
WKDWILOPVWKHFXUUHQWVWDWHRIDEXLOGLQJDQGYLUWXDOGDWDFRPSXWHG
RQ WKH VDPH GHYLFH 7KH GLIIHUHQFH KHUH LV WKDW ZH PDNH WKH
VXSHULPSRVLWLRQRIIOLQHDQGRIIVLWH$QRWKHUGLIIHUHQFHLVWKDWWKH
GHYLFH WKDWDFTXLUHV WKH UHDOGDWD LVQRW WKHRQH WKDWGLVSOD\V WKH
PL[HG UHDOLW\ DOORZLQJ WR WDNH YLGHRVRQ ]RQHV WKDWPD\ QRW EH
DFFHVVLEOH IRU KXPDQV 7KDW LV ZK\ DQ DXJPHQWHG UHDOLW\
DSSOLFDWLRQDSSHDUVWREHOHVVDGDSWHGIRUWKLVNLQGRIUHYLHZ
7KHQH[WVWHSFRQVLVWVLQSURYLGLQJWRWKHXVHUDZD\WRZULWHKLV
SURMHFWUHYLHZGLUHFWO\LQRXUPL[HGUHDOLW\DSSOLFDWLRQ7KDQNVWR
WKHVXSHULPSRVLWLRQ)LJ%KHFDQDOUHDG\GHWHFWWKHGLIIHUHQFHV
RUGHIHFWVEHWZHHQWKH'PRGHO%,0GDWDDQGWKHFRQVWUXFWLRQ
ZRUN UHDO GDWD IURP 8$9 %XW KRZ FDQ KH PDNH KLV UHSRUW
GLUHFWO\RQWKH%,0HOHPHQWVYLVLEOHLQWKHDSSOLFDWLRQWRJHWDQ
DGGHGYDOXHIURPLWFRPSDUHGWRWKHWUDGLWLRQDOZD\H[SODLQHGLQ
DSUHYLRXVVHFWLRQ")RUGRLQJWKDWZHSURYLGHWRWKHXVHUDZD\WR
PDNH DQQRWDWLRQV VR WKH XVHU FDQ ZULWH D FRPPHQW DERXW DQ
HOHPHQW DIWHU VHOHFWLQJ LW VHH )LJ &2QFH DOO WKH DQQRWDWLRQV
GRQHKHFDQH[SRUWWKHP7KLVIXQFWLRQLVQRWSURSHUO\D³PL[HG
UHDOLW\IXQFWLRQ´EXWLWLVFUXFLDOWRDOORZWKHXVHUVWRWUDQVIHUWKHVH
DQQRWDWLRQVWRWKHLU%,0VRIWZDUH

)LJXUH $YLGHRRI WKHEXLOGLQJIURP8$9%VXSHULPSRVLWLRQRI
WKHYLGHRDQG%,0DVDPL[HGUHDOLW\&DQQRWDWLRQPRGH
$ERXWWKHPL[HGUHDOLW\DSSOLFDWLRQWKHUHLVQRPRUHVWHSEXWLQ
WKH%,0VRIWZDUHVWKHUHLVDQDGGLWLRQDOVWHS0DQ\RIWKHPDOORZ
WKH XVHUV WR FUHDWH WKHLU RZQ PDFURV RU SOXJLQV WKURXJK
SURJUDPPLQJ YLVXDO RU FODVVLF SURJUDPPLQJ <HW ZKHQ ZH
GHVFULEHGLQWKHEHJLQQLQJRIWKLVVHFWLRQRXUDSSURDFKZHVDLGWKDW
ZHZDQWHGWKDWRXUDSSOLFDWLRQDQGDSSURDFKKDGDQDGGHGYDOXH
LQWKLVSURFHVVRISURMHFWUHYLHZIRUWUDQVIHUULQJWKHFRPPHQWVRU
DQQRWDWLRQVWRWKH%,0VRIWZDUHVIRUGLVVLSDWLQJWKLVVHQVDWLRQRI
GRXEOHZRUNZKHQWKHXVHUPXVWZULWHDJDLQKLVFRPPHQWVLQWKH
%,0VRIWZDUHIRUPDNLQJWKHULJKWFRUUHFWLRQVRQWKHULJKWHOHPHQW
$V D UHVXOW LQ WKLV VWXG\ FDVHZHSURYLGH WR WKHXVHUV DZD\ WR
LPSRUW WKHLU DQQRWDWLRQV WR WKHLU %,0 VRIWZDUH ZULWLQJ HDFK
FRPPHQWRQDILHOGGHGLFDWHGWRWKHVXSHUYLVLRQRIFRQVWUXFWLRQRQ
WKHFRUUHVSRQGLQJHOHPHQWLQWKH%,0PRGHO)LQDOO\WKHSURJUDP
KLJKOLJKWVZKHUH WKHDQQRWDWLRQVKDYHEHHQFRSLHGDQGVRZKHUH
WKHFRUUHFWLRQVVKRXOGEHGRQH)LJ

)LJXUH 'YLHZRIWKHEXLOGLQJLQD%,0VRIWZDUHZLWKWKHORFDOL]HG
FRPPHQWVPDGHLQWKH05DSSOLFDWLRQZLWKKLJKOLJKW
 (;3(5,0(17
)RUWKLVH[SHULPHQWZHDSSOLHGRXUDSSURDFKRQDSURMHFWWKDWWKH
XQLYHUVLW\OHDGVDOORZLQJXVWRKDYHIXOODFFHVVWRWKH%,0ILOHVWR
WKHZRUNVLWHDQGWRWKHH[SHUWV$VRXUDSSOLFDWLRQSURYLGHVDQHZ
ZD\ IRUGRLQJFRQVWUXFWLRQVXSHUYLVLRQ LWVDXGLHQFH WDUJHW LV WKH
EXLOGLQJFRQVWUXFWLRQSURIHVVLRQDOVFLYLOHQJLQHHUVDUFKLWHFWVHWF
$VDUHVXOWZHKDYHGHFLGHGWRRUJDQL]HDQH[SHULPHQWH[FOXVLYHO\
ZLWKWKHVHNLQGVRISHRSOH,QWRWDOH[SHUWVKDYHSDUWLFLSDWHGWR
WKH H[SHULPHQW DURXQG  RI WKHP ZHUH VWXGHQWV LQ FLYLO
HQJLQHHULQJDQGDURXQGZHUH\RXQJFLYLOHQJLQHHUV WKDWDUH
OHDGLQJEXLOGLQJFRQVWUXFWLRQSURMHFWVLQFOXGLQJWKLVRQH$YHUDJH
DJHLV\HDUVROGDQGLWJRHVIURPWRRIWKHPZHUH
PDOH DQG  IHPDOH $OO RI WKHP ZHUH EXLOGLQJ FRQVWUXFWLRQ
H[SHUWVDQG%,0H[SHUWVRUVHPLH[SHUWVGXHWRWKHLU\RXQJDJH
,QDIXWXUHUHVHDUFKZHZRXOGOLNHWRUHSHDWWKHH[SHULPHQWZLWKD
PRUH GLYHUVLILHG SDQHO RI SURIHVVLRQDOV ZLWK SHRSOH ZLWK PRUH
H[SHULHQFHLQFRQVWUXFWLRQVXSHUYLVLRQRU%,0
7KHGXUDWLRQRI WKHH[SHULPHQWZDVDERXWPLQ IRUHDFK
XVHU:HJDYHWKHPDVWRU\ERDUGWKDWGHVFULEHGWKHWDVNVWKH\KDG
WRSHUIRUPILUVWPRYHDURXQGWKH'PRGHORIWKHEXLOGLQJWRJHW
DQRYHUYLHZRILWZLWKWKHFXEHVDQGZDWFKDYLGHRRQDSRLQWRI
LQWHUHVW ZLWK WKH FDPHUD 7KHQ REVHUYH WKH VXSHULPSRVLWLRQ RI
VRPH'PRGHO HOHPHQWV DQG WKHYLGHR DQGZULWH DQ DQQRWDWLRQ
DERXWRQHHOHPHQW<RXFDQUHSHDWWKLVSURFHVVWKHQH[SRUW\RXU
DQQRWDWLRQVDQGRSHQWKH%,0PRGHOLQWKH%,0VRIWZDUHDQGUXQ
WKH SURJUDP ³05 &RQVWUXFWLRQ VXSHUYLVLRQ´ 1RWH WKDW WKH
HOHPHQWV WKDW\RXKDGPDGHDQDQQRWDWLRQ LQ05QRZDSSHDU LQ
EOXHFOLFNRQRQHRIWKHPDQGVHH\RXUFRPPHQWLQWKHGDWDILHOG
(DFKXVHUPDGHWKLVH[SHULPHQWDORQHDQGWKHQKHKDGWRILOOD
TXHVWLRQQDLUH 1RWH WKDW E\ GRLQJ WKH H[SHULPHQW RQO\ ZLWK
H[SHUWV WKH DSSOLFDWLRQ HYDOXDWLRQ IRFXVHG RQ D TXDOLWDWLYH
HYDOXDWLRQ RQO\ H[SHUWV FDQ GHWHUPLQH ZKHWKHU WKH DSSOLFDWLRQ
DOORZVWKHPWRDFFRPSOLVKLQDJRRGZD\DWDVNWKDWFXUUHQWO\WKH\
DUHGRLQJLQDQRWKHUZD\WUDGLWLRQDORQVLWHZLWKDQRWHERRNDQG
PDNLQJFRUUHFWLRQVDIWHUZDUGVRQDFRPSXWHU7KDWLVZK\ZHKDYH
FKRVHQ WR XVH D TXHVWLRQQDLUH IRU HYDOXDWLQJ RXU DSSOLFDWLRQ
GLYLGHG LQWR WZR SDUWV 7KH ILUVW SDUW RI WKH TXHVWLRQQDLUH LV
FRPSRVHG E\ FORVH TXHVWLRQV ZKHUH WKH XVHUV PXVW DWWULEXWH D
PDUN IURP WR /LNHUW VFDOH LQ WKLV SDUW WKHXVHUV H[SHUWV
JUDGHWKHTXDOLW\RIWKHDSSOLFDWLRQIRUVROYLQJWKHGLIIHUHQWWDVNVRU
VXEWDVNV,QWKHVHFRQGSDUWWKH\DQVZHUWRRSHQTXHVWLRQVWRJHW
WKHLUIHHGEDFNRQWKHDSSOLFDWLRQDQGKRZZHVKRXOGPRGLI\LWWR
PDNHLWEHWWHUIRUSHUIRUPLQJWKHGLIIHUHQWWDVNV,QWKHQH[WVHFWLRQ
ZHZLOOGLVFXVVDERXWWKHUHVXOWV
 5(68/76$1'',6&866,21
:HFDQREVHUYHWKHTXHVWLRQQDLUHUHVXOWVFORVHTXHVWLRQV±)LJ

)LJXUH 5HVXOWVRIWKHH[SHULHQFH±/LNHUWVFDOHJUDSK
4 ,V WKH DSSOLFDWLRQ XVHIXO IRU VXSHUYLVLRQ RI FRQVWUXFWLRQ"
4 ,V WKH DSSOLFDWLRQ HDV\ WR XVH "
4 ,V WKH DSSOLFDWLRQ FOHDU HQRXJK WR LQWHUDFW ZLWK LW "
4&RXOGRWKHUH[SHUWVWKDQ\RXHDVLO\XVHWKLVDSSOLFDWLRQWRR"
4 :DV LW FOHDU KRZ WR UHDOL]H DQG IROORZ WKH LQVWUXFWLRQV"
4'LGWKHDSSDOORZPHWRJHWDJRRGRYHUYLHZRIWKHEXLOGLQJ"
4:DVLWHDV\ WRPRYHDURXQGWKHEXLOGLQJLQ WKHDSSOLFDWLRQ"
4 :DV LW HDV\ WR ZDWFK YLGHRV DERXW VRPH EXLOGLQJ ]RQHV"
4:DVLWHDV\WRGHWHFWZRUNVLWHGLIIHUHQFHVGHIHFWVLQWKHDSS"
4 :DV LW HDV\ WR DQQRWDWH GHIHFWVHUURUV LQ WKH DSSOLFDWLRQ"
4$V IRU\RXZDVLW HDV\ WR WUDQVIHUDQGVHH WKHDQQRWDWLRQV
PDGHLQWKHDSSOLFDWLRQLQWR\RXU%,0VRIWZDUH"
)LUVWZHFDQQRWHUHDGLQJ4DQVZHUVWKDWRIWKHXVHUV
JUDGHWKHDSSOLFDWLRQZLWKRUPRUHDQGIRUWKHRWKHUTXHVWLRQVDW
OHDVWRIWKHXVHUVJUDGHWKHDSSOLFDWLRQZLWKRUPRUH6RLW
VHHPVWKDWWKHDSSOLFDWLRQDQGLWVDSSURDFKDOORZWKHPWRSHUIRUP
JOREDOO\DOOWKHWDVNVUHSODFLQJWKHWUDGLWLRQDOPHWKRG
,IZHREVHUYHWKHUHVXOWVZLWKPRUHGHWDLOVZHFDQQRWHWKDWWKH
SULQFLSDOFODLPVDUHWKHIROORZLQJRQHVILUVWLQ4DURXQGRI
WKHXVHUVJUDGHWKHJOREDOXVDELOLW\RIWKHDSSOLFDWLRQZLWKDRU
OHVVWKHQLQ4DURXQGRIWKHXVHUVJUDGHWKHDELOLW\RIWKH
DSSOLFDWLRQWRSURYLGHWRWKHPDJOREDOH[WHULRUYLHZRIWKHEXLOGLQJ
ZLWKDRUOHVVDQGLQ4DURXQGRIWKHXVHUVJUDGHWKHDELOLW\
RIWKHDSSOLFDWLRQWRSURYLGHWRWKHPDQHDV\ZD\WRPRYHDURXQG
WKHEXLOGLQJZLWKDRUOHVV6RZHFDQGHGXFHWKDWDURXQGLQ
SHRSOHZRXOGOLNHWKHDSSOLFDWLRQWREHPRUHXVHUIULHQGO\ZLWKD
EHWWHU H[WHUQDO UHSUHVHQWDWLRQ RI WKH EXLOGLQJ DQG VRPH
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TXHVWLRQQDLUHEHFDXVHWKHLPSURYHPHQWWKDWDSSHDUVWKHPRVWLV³,
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44RU4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6RZHFDQGHGXFHWKDWDVIRUWKHXVHUVWKHDSSOLFDWLRQDOORZV
SDUWLFXODUO\WRSHUIRUPWKHWDVNVRIHUURUVGHWHFWLRQDQQRWDWLRQVDQG
WUDQVIHUWRWKH%,0VRIWZDUH$VIRUWKHPWKH\KDYHEHHQDEOHWR
IROORZ WKH LQVWUXFWLRQV VWRU\ ERDUG DQG RWKHU SURIHVVLRQDOV RI
EXLOGLQJFRQVWUXFWLRQFRXOGDOVRGRLW
7RFRQFOXGHWKHVHUHVXOWVVKRZXVWKDWRXU05DSSOLFDWLRQDQG
RXUVPDOOSURJUDPLQWHJUDWHGWR%,0VRIWZDUHDOORZWKHXVHUVWR
SHUIRUPWKHFRQVWUXFWLRQVXSHUYLVLRQWDVNRIIVLWHDQGXVLQJ%,0
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EXLOGLQJZKHUHDVRWKHUVSXWPRUHIRFXVRQ WKHQHFHVVLW\ WR JLYH
PRUH IHHGEDFN WR WKH XVHUV ZKHQ DQQRWDWLQJ DQ HOHPHQW 7KLV
IHHGEDFNJLYHVXVVRPHLGHDVIRURXUIXWXUHZRUNWKDWZHH[SODLQ
LQWKHQH[WVHFWLRQ
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ZHFRXOGPDNHDQHZHYDOXDWLRQRIWKHDSSOLFDWLRQDQGFRPSDUHWKH
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HOHFWULFDO
FRQVWUXFWLRQ GHVLJQ FRPPXQLFDWLRQ XVLQJ ERWK %,0 DQG RWKHU
GDWD VRXUFHV <=KRX HW DO  DOVR FRPSDUH WKHLU DSSOLFDWLRQ IRU
LQVSHFWLQJWKHFRQVWUXFWLRQLQDWXQQHOWRWKHWUDGLWLRQDOZD\VRLW
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